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COOPUTER AIDED AUTHORING AMD EDITING

Richard Braby and 3. Peter Kincaid
Training Analysis and Evaluation Group~

Orlando, Florida 32813

ABSTRACT

Using computers to author and edit text Is now feasible and
economical. This article describes two elements of' a computer based
publishing system which aid authors by automtically generating
certain types of training material, and In writing easily understood
text. The routines are operating on the Training Analysis and
Evaluation Group's mini-computer and are being developed for use in
the Navy's computer based publishing system.

INTRODUCTION these purposes. The paper describes
some of the routines we are using and
makes observations on what It is like to

Publishing is becoming a computer author and edit materials with these
baseOi industry. Many publishers are now computer aids.
using computer routines to replace labor Va a optr ofratosintensive methods of text processing, Ma a optr ofratos
page make-up, and typesetting. Computer cmuescnb sdi eea
based print-on-demand systems are now Cmuescnb sdi eea
real. ways in authoring instructional

materials. For instance, the computer
This is not just someone else's can rearrange the same information for

revolution -- using computer aids various purposes. For example, an
changes the primary processes and initial presentation of information can
products of the instructional be transformed into drill and practice
technologist. Using computer aids is exercises, tests with answer pages and
transforming the way we create, remedial instruction loops. Also the
reproduce, distribute and use comrpter can automatically merge
instructional materials, information fr~om various files. For

instance, standard directions for a
Authoring is one of the latest certain type of test item can be pulled

phases of instructional publishing to be from one file and piaced over a list of
computer aided. For the past three test items from anothor file. wile the
years the Navy's Training Analysis and test items would be unique to one
Evaluation Group (TAEG) has been document, the directions would be used
pioneering the development of computer in many documents. Therefore when the
aids for authors. It has been our goal need is to repeat the information in
to reduce the cost and time required for various forms or to repeat it in various
authors to create documents that teach places, the computer Is a candidate for
iffectively. The work is sponsored by aiding the author.
the Chief of Naval Education and
Training and the Naval Technical Also the computer can aid the
Information Presentation Program of the author to improve the readability of
Devid W. Taylor Naval Ship Research and text by flagging Uncommon words and long
Development Center. The Navy's sentences and by making suggestions for
authoring aids go beyond word editing difficult words, phrases and
processing. In these new programs the sentences.

compuer i use to:There are two parts to this paper.
automatically construct illustrated The first concerns generating materials
exercises and tests from basic with computer aids, and the second,
job-task information stored in a using computer editing to improve
data base. readability.

systematically analyze draft text
and note changes that will make the COW'UTER AIDED AUTHORING
text more readable for a targeted

audince.Recently the TAEG computer aided
The purpose of this paper Is to authoring routines were used In writing

establish that it is reasonable for emO pages of instructional material for
authors to use computer nutlm-;v for a series of pocket booklets to teac"



weather symbols to the Navy's new type of student that will use the
Aerographer Mates. These sailors neied module, and the reasons why he will need
to learn the symbols so they can plot the skill be 1 too~t were put into the
them on weather maps. when the sailor data base. hlekyng the data was
reads a nwbepr in a certain position in done quickly, the preliminary task of
a weather message representing the creating the memory aids took
present weather at a certain station, he significantly more time. it took about
must write the proper graphic symbol at 2 hours to enter information on 50
the station's location on the map. weather symbols into the data base.
Later, to read the map, the sailor must
be able to recall the meaning of the In the second step, computer
symbol. For example, "450 is plotted ME routines were used to create all the
which means "Fog, sky NOT discernible, pages In the lesson. These routines can
no appreciable change during past hour." only be used in creating materials for
There are 100 of these number, symbol, paired associate type learning tasks.
meaning sets. The learning of these About 5 minutes were required to perform
many paired associates Is not a trivial this operation which resulted in 154
task. pages of instructional materials.

In developing instructional In the third step, the material was
material to teach this Skill, first the displayed and minor editorial changes
task was divided into parts. Docu~ments were made using word processing type
with similar structure were developed routines.
for each of the parts. In general each
has the following blocks of information: The last step was to prepare

typeset camera ready copy. This was
another automated step. A special

an introduction with the learning Computer routine inserted typesetting
objective and a discussion on why commands into the textstream created in
the student needs to know this the earlier steps. This modified
Information. textstream was then sent over a standard

telephone line to a phototypesetter.
an optional criterion test for use The typesetter had a special font with
by students to decide If they the graphic Symbols. The typesetter
already know the information, automatically created camera ready copy

with graphic symbols in place. It took
a description of how the lesson is about 7 mirtes to insert the
organized to carry out the learning typesetting coimmands into the textstream
objective, for the 154 pages, and another 90

minutes to send the signals to the
material on the first set of typesetter. The typesetter was operated
symbols including directions for by the vender, and the time required was
study, presentation of the symbols about 3 hours. However, once started,
with meanings and memory aids, these are all unumanned operations.
practice exercises, and a Figure 1 contains a samrple of the
self-test. typesetter output. i

similar information on later sets The results, 154 pages of camera
of symbols. ready copy, were produced in about two

and one half hours of an author's time.
large practice exercises made up~ of The time required to author a lesson
symbols from all sets. will vary considerably from task to task

and from author to author. The major
criterion tests. factors that influence time are (1)

difficulty in creating the memory aids,
reinforcing statements and (2) the extent of the editing, and (3)
suggestions for refresher training. the speed of the computers. For a more

detailed description of the routines
an index, used to produce these materials see

Braby, Parrish, Guitard and Aagard (1)
There were four steps in the and Keeler (2).

authoring of these materials. The first
was to place basic data in a data base As stated previously, the purpose
-- the alpha-numeric codes for the of this paper is to establish that it is
graphic symbols, their meanings and reasonable for autlors to use computer
memory aids. Also, the title, authors, routines as aids in authoring
publisher's name, sind date of instructional material for technical
publication, the learning objective, the training. In support of this thesis we

2



SYMBOL SET I 1 VMOLII01 SET 5: LEARN TME SYMNOIA

Mwe nmbers in this set ane: Meadows 1. Lock carefully an the nest pop at
seth GRAPHIC SYNM

40 41 42 48 44 45 forusd nmber.
46 47 48 49 2. Recall the IEEKY AMad

GRAPIICSYNMCaseyo lock at
You will learn to reccgmss and the NUMBER.
colnttee numbars 3. U~nderstad how the MECUM AID

with their respectiveymbols helps yarcocejinte the SYMD(L1
inthermatfivispae. with a NUMBE.

4. Cover the symbols, then lock at
sech NUMBER and recall the
GRAPHIC SMOM.

5. Rspeat this 4 o 5timesfor
ech ofthe numbers.

Goto 110 Goto 111

111 113
SYMBOL SET 5: LEARN THE SYMBOLS SYMBOL SET 5: PRATICE

11" gcy"d Number M~ea Aid Direcins 1. Read all dirwsticm efore

to 40 fis ounyou prectice.
EU 41 1 right d 00i 2. Try torecall the raphicasymbol

ifs 42olumdwn for sth number in the exemcise
2rightcan cpee 114.

ftelumn 3. WR yorfirt imlpression of
ms ~ Wti ~the graphic symbal.

43 21taf~i 4If the graphic symbol is dilflcult
column 5 to renember. recall thie memory aid

U 44 1lieftd min first, then recall the graphic
column 5 Symbol.

M 45 column 5 5. Chaeckyurarnserimmedately
lW 6 1riht f Minin the ansew section elova the

column 5prcienmrs

Goto,112 Goto114

114 117
SYMBOL SET 5: PRACTICE SYMBOL SET 5: TEST YOUIRSELF

Poaodin 47 48 46 48 41 43 47 Dbsdi I.WiRITZ"GRAPICSYMCftweach
Numse - 46 41 45 45 46 43 41 numberintheselftest.

47 41 47 46 48 45 47 Usescrthapper.
48 46 41 45 45 41 46 2. Myouwsmt amemoraid ....
48 47 45 43 46 41 47 ole

Nwobw a 833. Refer to the mry aideoly when
46 W you can't dunk ofthesymbol.

43 II ~st~ 44 42
41 EU45 41

4 m494
47 40 46

48 47

Gotoils FusAnswer. ............. oalSI

ligate 1. Semple laas Produed with Computer
Authoring Routies and Automatic Insertion
of Typesetting Comnds.
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have shown how we are authoring material Second, computer routines are very
for paired associate type learning useful for arranging information into
tasks. What aoout the more significant complex formats. TAEG has a preliminary
learning tasks such as operating or version of a routine for arranging
maintaining a piece of equipment, or illustrations and related boxes of text
recalling equipment nomenclature and on a page. Figure 3 shows a hand made
theory of operation? Is it reasonable page with 3 illustrations and 3 boxes of
to use computer routines for authoring text related to specific points on thein this larger arena? illustrations. This type of layout has

i many uses in training materials and in
Dujring the past six months TAEGs job performance aios. However, it is

:omputer aided authoring team nas been very expensive to produce many pages by
studying whether it is feasible to hand. Given the pieces of information
machine produce training materials that need to appeer on a oage like this,
across a broad spectrum of training the TAEG routine will he able to
tasks. We have designed machine determine a useful layout and then
produciole Formats for teachig organize the informatlon accordingly.
procedures, system theory and
nomenclature, classifying visual
objects, and the application of rules. S I. f e Caution, Adisory Panl (--C--D)

While we have not completea the
design of an automated system for
authoring these types of materials, two
criteria tor machine prnducibilitv have . -I
become clear. OnN

First, computer oasdd authoring
aids will be most useful when there is a
high level of redundancy in the material
being authored. (See figure 2.) Since we
are interested in authoring training
materials, not novels, information to be
learned is usually repeated over and
over again for various purposes (e.g.,
In overviews, presentations, exercises,
quizzes, chapter tests, course
examinations). In addition, directions /
such as for taking or scoring tests are
repeated for each test.

SYMBOL SET 2: PRACTICE DEFINING THE SYMBOLS

Practice < s- Figure 3. Manually Prepared Page RepresentingSyibeb H ( (lj< the Layout of a Computer Generated Page.
Im = )( <

Q 1( < .

).( < 8 What will it be like for you to

Sn author instructional material with the
arn Shiallow foginpatches. new authoring aids being developed?

< Lightning. There will be six steps:
DIry tounder.

1. Call up a standard page sequence
Q2') Virga. diagram for the class of tasks toDistant precipitation, be taught (see figure 4) and change

it if necessary to meet your needs.
This sets up the sequence of

Figure 2. Ezxample of Redundancy in a Page of lerning events.
Training Material.

4
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2. Call up any nf the detailed page
WlANT templates named in the page

sequence diagram. (See figure 5.)

in changing the page sequence in
TmrLE PAGE step I you add new pages to the

sequence, you must create templates
for these pages. An authoring
language will be available for use
in creating page templates.

m 501111141MT DO= 1. page size: 8.5 x 11)

Is WHMTKG I Margins: T=l, B-1. R-.75, L=.75)

(3. page #) (3. page #)

.. M UTMmlP (4. step #'n') (5. step name)
IN

PrAWR (6. Arrange overview, close-up view(s),
' 6 PRESENTATION and boxes of related text for
=step #n" according to routine #1.)

YES STRS Figure 5. Sample Page Template for the Type of
IN Page Shown in Figure 3.

< i ~o3. Use an interactive data capturing
m ERCroutine (see figure 6) to enter

into the data base the specific
is DNlCTIONS job-task information required in

!9 I•  ,4 the lesson being authored.

4. Run the authoring routines. The
computer automatically organizes
the data in the data base into the

YE mentire sequence of pagqs from the
title page to index as called for
in the page sequence diagram.

5. Display the pages and edit them, as
necessary, using various routines
that coach you on how to improve

11 6FORt ilthe comprehensibility of the
"- ' "A materials. (See the illustration of

110 Wthe editing routines in figures 7
and 8.)

Ila O 6. Output the final pages in the
selected medium.

Two more points have become clear
lot, M IHoaTIoG to us as we have worked with computerIM oaided authoring routines:,2 PFirst, there is a firm requirement

for the wide use of graphics in
technical training material. Most
Navy jobs are highly visual inF4 character. For instance, in
operating a piece of equipment, the
sailor must locate instruents,

STOP read them, find witches, and reset
them to a new position. Because of
the visual nature of the task,
instructional materials intended to

Fisure 4. Sequence Diagram for aterial to Teacb tinch the operation of equipment
Procedures. must make wide use of visuals.



Therefore a computer aided
NAMOF EWJWUEN authoring system for Navy technical

training must be able to handle
visual information as readily as

. .text.

1.
. Second, similar kinds of job-tasks

can be taught using standard
formats. This wakes feasible the
repeated use of computer routines

OF CLASSOF for generating classes of
instructional materials. A
description of using computer
routines In authoring training
materials for different classes ofSELCT Exv - training illustrates this point.

The teaching of weather symbols,
Navy flags and Morse code represent a

a NAE OFFINffRO ;;171wparticular class of learning - symbol
learning which is a form of paired
associate learning. The learning of each
of these symbol sets can be carried out

"a with nearly the same formats and
O eWE Off AIMsequence of learning events.

Perhaps the most common class of
learning in Navy training is the

Clearning of procedures - maintenance
procedures and equipment operating
procedures. Again, different procedural
job-tasks can be taught with similar
machine producible formats and aSOOATN OF CLOSUUP VIEW standard sequence of learning events.

N OThis 
approach to authoring

instructional materials is optimized to' /OU S! C IRTINEXT produce materials with similar structure
MOTOR ACT. for similar types of learning tasks and: tt LWUINEN KEY WORMD

Wdepends upon editing to accommodate the
special requirements of individual

1 OLOCATIONOIOINTOP tasks. Computer aids will be useful in
MOTOR ACT ON re.UP; this type of authoring. This approach

481M iEANNOTATIOM in basically different than the
traditional method of authoring which
emphasizes the differences among

111n OM MAN CUlearning tasks. In the traditional
WARNI NS. NOTEO approach the author perceives the

MEMORY . learning task to be unique, and rarely
YWasees the opportunity to use standard

21 formats.

MAK ANOION OTISCOW.PUTER AIDED EDITING

2' Figures 7, 8, and 9 illustrate
SNO using the computer readability editing

system as part of a computer-based
SNpublishing system. It can be used with

AM 1 the computer aided authoring system, or

WIIPSIMeTW as illustrated here, with traditionally
NRounD authored text. The two computer

printouts contain "before" and "after"

examples of a safety warning intended
NO for foreign technicians who read English

at the eighth grade level. The original
CONTINUED version. figure 7 in the left hand

column, is at the college level of
readability. The rewritten version,

Figure 6. Parts of a Routine for Building a figure 8 in the right hand column, has
Computer Data Base on a Set of Procedures. been revised based on suggestions

6



provided by the system to be at the Onie current project illustrates the
eighth grade readability level. value of the system for writing
Specific features of the system (shown materials for high readability using
in figure 7 with callouts) are as controlled vocabulary - which is what
follows: the system was designed to do. We are

writing a workbook to be used to
1. Long sentences are flagged and the supiplement the Naval Jun~ior ROTC third

nu.mber of words in the sentence is year text at the eighth grade
shown between dollar signs: in readability level, with a limited
this case nS32S." vocabulary and with difficult words

defined. The author (an English
2. Replacements for awkward words and, Professor) is a skilled and experienced

phrases are suggested: in this writer but until this project had never
case "aid" or "help" are suggested had to be concerned with the reading
as replacements for "assistance." difficulty of his publications.

3. Uncommon words are flagged: in At the onset of the project, we
this case "reliance." were unsure about the value of the

system to a skilled writer but were
4. Keying errors and misspelled words committed to analyze the text (to assess

are flagged: in this case, readability grade level and choose
"voltagesf,om" and "equiotment." uncommon words for glossaries at the end

of each chapter). To our pleasant
5. Passive verbs are flagged: in this surprise, the author used many of the-

case "be removed." A passive verb computer generated suggestions. kbile
is composed of a form of the he had no difficulty writing to the
auxiliary verb "to bell plus a past eighth grade level, the analysis
participle, in this case "be verified his success in this regard. He
removed." Language experts agree picked words for the glossaries mostly
that the active verb (in this case fromi the list of uncommon words
"remove") is generally easier to generated as part of the analysis.
understand. Since we are using the same textstream

for producing the drafts and finally the
6. The readability grade level camera ready copy, the proof-reading

calculated according to the aspects of the system are saving time.
Department of Defense readability
standard, the Flesch-Kincaid Clearly the computer readability
Formula, is shown: in this case editing system has proved its worth in
"14.0." this particular application.

Figure 9 is the camera ready It should be noted that several
version of the text which can be companies have been developing and using
automatically generated from the final computers to make text more readable,
approved text shown in figure 8. for example, General mo~tors and Bell

Laboratories. The uniqueness of TAEG's
The readability editing technique routines stems from the fact that they

has been thoroughly tested feature by have been specifically developed and are
feature. We nave used tens of thousands being systematically validated for use
of words of military text as test by the military services.
material such as trouole shooting
instructions, multiole choice tests, FUTURE DEVELOPtENTS
narrative instructional material, and

safet warnngs.Using computers for the initial
For more description of the stages of authoring and editing Is an

development and use of the system, see idea whose time has come. Computers are
Kincaid, Aagird and O'Hara (3) and being routinely used in the production
Kincaid, Aagard, O'Hara and Cottrell phiases of publishing and therefore are
(4). available for these "front-end"

functions. Well conceived and thoroughly
The features of the system tested author aiding software routines

illustrated in figure 7 have generally have been lacking, we feel that the
worked well in analyzing this wide routines described in this paper are
variety of text. If a feature didn't good prototypes which will be further
work (for example, our earlier version developed and improved with more use.
of the common word list) the printouts
pointed this out forcefully. After two The Navy is considering
years and several man-years of effort implementing both the authoring and
the present routines emerged. readability editing routines as part of

7
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the Naval Technical Information One last note. This paper was
Presentation System (NTIPS). This type produced with tne aid of TAEG'S compuJter
system will be described later in this aided authoring text processor and
session by John Bean. It is a readability editing routines and was
computer-based publishing system being typeset using the same textstream. It
designed to produce the full range of Is written at the 10th grade readability
technical information needed to support level; clearly this doesn't exceed the
new equipment. This includes not only reading level of this highly intelligent
the support of systems operation and audience.
maintenance, but also such things as
training and logistics. The information
will be delivered in any number of media
- both electronic and hard copy. Plans REFERENCES
call for implementing the NTIP System by
1985. However, some parts of the system
can be implemented now. This will soon (1) Braby, R., Parrish, W. F., Guitard,
include the TAEG computer aided C. R. and Aagard, 3. A. Computer
authoring and editing routines. Aided Authoring of Programmea

Instruction for Teaching Symool
Within the next five years we Recognition. TAEG Report No. 58.

envision that many of the following 1978. Training Analysis and
additional computer routines to aid Evaluation Group, Orlando, FL
authors will be developed and 32813. (AD A068041)
implemented.

(2) Keeler, F L. Systems for Computer
Files of standard information. Automated Typesetting (SCAT) of
These could be used to Computer Authored Texts. TAEG
automatically produce such things Report No. 88. 1980. Training
as qlossaries and warning and Analysis and Evaluation Group,
caution statements. Orlando, FL 32813.

Routines to compose sets of (3) Kincaid, 3. P., Aagard, J. A., and
documents. Reference manuals, job O'Hara, J. W. Development and Test
performance aids, and learning aids of a Computer Readability Editing
for a piece of equipment will be System (CRES). TAEG Report No. 83.
produced automatically as a set 1980. Training Analysis and
from a single data base. Evaluation Group, Orlando, FL 32813

Routines for nomenclature control. (4) Kincaid, 3. P., Aagard, 3. A.,
This is a common problem today O'Hara, 3. W., and Cottrell, L. K.
because different technical writers "Computer Readability Editing
tend to use different common names System." IEEE Transactions on
for the same equipment component. Professional Communications, March

* Additional checks for readability. 1981. (in press)

Readability standards such as those (5) Klare, G. R. A manual for Readable
suggested by Klare (5) and Kniffin writing. 1980. REM Corporation,
(6) could be automatically checked, Glen Burnie, MD 21061.
such as using positive rather than
negative sentence construction. (6) Kniffin, 3. D. "The Practical

Application of Readability
Checks on composition practices. Comprehensibility Research to the
Style standards such as those Production of More Usable Military
devised by Price (7) could be Technical Manuals." In T. E.
automatically checked, for example Curran (Ed.) Tri-Service NPROC SR
the requiremnt for one heading per 80-12. 1980. Navy Personnel
every two paragraphs and the Research and Development Center,
limiting of paragraphs to 60 words. San Diego, CA 92152.

Quality assurance. Many kinds of (7) Price H. E. Development of a Draft
contractually required data, for Specification for Technical Manual
example, readability grade level, Quality Assurance. 1975.
could be automatically generated Biotechnology, Inc., Falls Church,
for internal use by contractors and VA.
for furnishing to government
agencies.

Author training. We have observed
that the computer readability
editing system is an effective
author training device. Further
development of this feature is
reeonmble given the shortage of
trained technical writers.I I____
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